correlated with human population densities in various watersheds (Peierls et al., 1991; Vitousek et al., 1997). landscapes, where routinely fertilized turfgrass is a maTherefore, we constructed a field-scale facility to compare fertilizer N jor landscape component (Kelling and Peterson, 1975; runoff and leaching between St. Augustinegrass [Stenotaphrum secun- Petrovic, 1990) . As residential land use increases, the datum (Walt.) Kuntze] and a mixed-species landscape. Four replicapotential for N loss to water resources becomes even tions of each landscape were randomly assigned to 50-m 2 plots. A greater. Therefore, a better understanding of N pollumedium-fine sand (75-cm depth) was used as the root zone mix. A tion from residential landscapes is needed. In Florida, blended granular fertilizer was applied at a rate of 300 and 150 kg N where urban populations are rapidly expanding, efforts ha Ϫ1 yr Ϫ1 on the turfgrass and mixed-species, respectively. Throughout to assess N leaching and runoff from urban landscapes the first year following installation of the landscapes, fertilizer N loss in surface runoff was insignificant. In contrast, N leaching losses were are underway (Erickson et al., 1999).
nthropogenic alterations in the N cycle have been coarse-textured soils (Reike and Ellis, 1974) . In addiquite severe with numerous consequences (Aber tion, excessive irrigation may lead to N leaching (Snyder et al., 1995; Vitousek et al., 1997) . As a result, various reet al., 1984) . However, very little N leaching or runoff search projects have focused on the ecology of humanhas generally been observed from judiciously managed altered N cycling in terrestrial and aquatic ecosystems.
turfgrass (Gross et al., 1990; Miltner et al., 1996 ; Morton Much of the literature indicated an overall decline in et al., 1988; Snyder et al., 1980; Star and DeRoo, 1981) . both plant and animal species diversity and accelerated Thus, the literature demonstrates the potential for N eutrophication (Howarth, 1988; National Research Coun- pollution from various turfgrass landscapes, but the cil Committee on Wastewater Management for Coastal magnitude of N pollution has been highly variable and Areas. Water Science and Technology Board, 1993) . In context specific. addition to ecological consequences, greater losses of A University of Florida Extension initiative, entitled NO Ϫ 3 -N to ground water increase the likelihood of ex-
The Florida Yards and Neighborhoods (FYN) Program, ceeding the NO Ϫ 3 -N drinking water standard of 10 mg began in the 1990s in response to numerous residential L Ϫ1 set by the EPA for human safety. While sources of landscape concerns, including N pollution (Best, 1994) . anthropogenic N pollution are diverse, large human pop-
The program advocates the use of alternative landscape ulation concentrations have unquestionably impacted materials requiring less water and fertilizer inputs that water resources through N pollution (Cole et al., 1993;  might conceivably reduce N pollution from urban areas. Vitousek et al., 1997) . For example, increasing NO J.E. Erickson, Forest Ecology and Management, Univ. of Wisconsin, 1996) , no data are available to quantify N leaching and 
MATERIALS AND METHODS
America-Model 6406H, Lake Oswego, OR) that continuously monitored percolate volume. A data logger (CR10X, Camp-A facility containing eight 9.5 by 5.0 m research plots was bell Scientific, Logan, UT) recorded the percolate volume. constructed at the University of Florida's Fort Lauderdale
Rainfall was recorded continually and averaged monthly. Both Research and Education Center to collect both surface runoff rainfall and irrigation were randomly tested for inorganic N and subsurface percolate from two contrasting landscape treat-(NO Ϫ 3 -N and NH ϩ 4 -N). Estimates of evapotranspiration (ET) ments. One treatment consisted of a 'Floratam' St. Augustinewere calculated using a moisture budget system based on the grass monoculture and the other treatment was an arrangefollowing formula: ET ϭ irrigation ϩ rainfall Ϫ percolate ment of ornamental ground covers, shrubs, and trees designed (Snyder et al., 1980) . by Mr. Allen Garner of the FYN program. The St. AugustineFor each of the approximately 4-mo cycles, fertilizer N was grass was installed as a sod and maintained at a height of applied at a rate of 50 kg N ha Ϫ1 per application to both 7.5 cm. The clippings were removed for the first 6 mo of the treatments. However, the fertilizer was applied twice per cycle study and mulched in situ for the final 6 mo. The mixed-species to the St. Augustinegrass (300 kg N ha Ϫ1 yr Ϫ1 ) and only once landscape consisted of 12 ornamental species and contained per cycle to the mixed-species (150 kg N ha Ϫ1 yr Ϫ1 ). Thus, no turfgrass (Table 1) . Over 50% of the species used were each cycle was determined by the fertilization dates on the considered native to Florida. All species were commercially mixed-species landscape. The fertilization programs used in available and purchased at a local nursery. The plants were the study were moderate for both landscapes and common installed from pots with the soil and intact root systems. Folfor subtropical conditions in south Florida (Cisar et al., 1991 ; lowing the protocol of the FYN program, eucalyptus mulch Yeager and Gilman, 1991) . A blended 26-3-11 (N-P 2 O 5 -K 2 O) (The Bushel Stop, Pompano Beach, FL) was uniformly applied granular fertilizer (LESCO Inc., Sebring, FL) was chosen for at a depth of 7.5 cm on the mixed-species landscape to miniboth treatments, except for the last cycle when a 12-2-14 mize soil water evaporation and weed growth.
(N-P 2 O 5 -K 2 O) mix was used on the mixed-species landscape to Construction of the facility commenced in the fall of 1998. A crushed limestone foundation layer provided a 10% slope.
supply more K and micronutrients to the ornamental species.
According to the Florida label on the fertilizer bag, N sources loading in runoff and percolate for each approximately 4-mo fertilizer cycle were identified using SAS analysis of variance in the fertilizer were urea (58%), S-coated urea (37.5%), and ammonium phosphate (4.5%). The granular material was hand procedures (SAS Institute, 1989) . distributed and watered in with approximately 5.0 mm of irrigation at each application.
RESULTS
Planting of both treatments occurred on 18 Dec. 1998. The first fertilizer cycle and data collection commenced in FebruHydrology ary 1999. Nitrogen leaching and runoff data were collected continually for all three cycles over a 12-mo period following
The hydrology in southern Florida involves a wet seathe onset of fertilization. A gutter system at the base of each son (June-November), when rainfall is abundant, and plot was designed to collect any surface water runoff during a dry season (December-May), in which relatively little storm events. Initially, percolate flow measurements and samrainfall is received (Fig. 1) . During the first cycle, which ples were taken at least once daily from a slotted drainage was entirely in the dry season, only 195 mm of rainfall pipe placed across the lower edge of each plot, which drained was received. In contrast, approximately 1160 mm was the percolate for the entire plot. Beginning in July, ISCO received during the second cycle in the wet season. The The experimental design for this study was a completely mental irrigation was applied to both treatments (Fig. 1 ).
randomized design with a single factor, landscape type. The
The mean concentrations of NO first cycle. The relative annual savings in irrigation on the 10% slope of the plots, there was no significant inorganic N runoff from either landscape treatment. the mixed-species will probably be even greater than what we observed under fully established conditions. Even though no significant N runoff was measured on the sandy soil, N losses were observed in the percolate. During the study intense rainfall events occurred frequently, however, surface runoff was insignificant throughSignificantly greater N (NO Ϫ 3 -N ϩ NH ϩ 4 -N) leaching was observed on the mixed-species landscape in each out the study. Only one runoff event was measured on the sandy soil when 220 mm of rainfall produced Ͻ1 mm of the three cycles (Table 2) . During the study period, the mixed-species landscape leached 10 times more N of surface runoff. In contrast to surface runoff, monthly percolate was positively related to the amount of rainfall than the St. Augustinegrass. Although a fertilizer with approximately 40% slow release N was used, the majorreceived on both treatments. Annual measurements of percolate were 2082 and 2237 mm on the St. Augustineity of the fertilizer N leached from the mixed-species landscape each cycle occurred shortly after fertilization grass and mixed-species landscapes, respectively. Although ET was highest in the wet season, more than (Fig. 3) . The quantity of inorganic N leached from the mixed-species treatment was quite substantial in Cycle 1 one-half of the percolate was measured in the second cycle, which further illustrated the influence of rainfall in spite of moderate percolate volume. While similar quantities of N were leached in subsequent cycles, inon percolate volume. A significant difference (P Ͻ 0.05) in percolate volume was observed between the treattense rainfall (percolate) events occurred following fertilization in Cycles 2 and 3 (Fig. 2) . The effect of a sements in Cycle 1, probably as a result of the immaturity of the mixed-species landscape (Fig. 2) . However, no vere rainfall event on the mixed-species treatment was significant differences were seen in percolate quantity between the two landscapes in the subsequent cycles. centrations measured in the runoff were not different † Values in parentheses omit 5 d during which data from only one replication was usable due to storm related complications.
from those measured in the rainfall. Therefore, despite evident during the third cycle, where approximately and potential adverse environmental impacts. Therefore, the obvious goal when fertilizing any landscape is 75% of the N loss for the cycle was related to one storm event (Table 2 ). In contrast, despite routine fertilization to immobilize fertilizer N in the landscape system through plant uptake and soil storage. The data presented in and frequently intense rainfall events, mean N quantities leached from the St. Augustinegrass exhibited relathis paper are intended to provide some quantitative information regarding fertilizer N runoff and leaching tively little variability and remained consistently low. Still, there was some indication that inorganic N losses needed to assess the potential for adverse environmental impacts from newly planted contrasting residential in the percolate were slightly higher following fertilization on the St. Augustinegrass (Fig. 3) . This slight inlandscapes. Nitrogen losses from surface runoff were insignificant crease in N loss from the turf following fertilization was in the NH ϩ 4 -N form with no evident increase in NO Ϫ 3 -N from both landscape types even with a 10% slope and frequently intense rainfall. This provided valuable inforloss (data not shown). Overall, the majority of the N leached from the St. Augustinegrass was ammoniacal mation regarding the surface runoff of nutrients from sandy soils in a subtropical climate. These results corin nature (87%), while NO Ϫ 3 -N was predominant (83%) in the mixed-species percolate. Accordingly, NO Ϫ 3 -N conroborate previous research conducted under temperate environmental conditions in which minimal surface runcentrations were generally higher in the mixed-species percolate with peaks following fertilization events. The off from cool-season turfgrasses was observed (Gross et al., 1990; Morton et al., 1988) . mean NO Ϫ 3 -N concentrations in the mixed-species perWhile surface runoff was insignificant from either colate ranged from Ͻ0.2 to 15.2 mg L Ϫ1 with an overall treatment, more than 30% of applied fertilizer N was mean concentration of 1.46 mg L Ϫ1 . In contrast, mean leached from the mixed-species. In contrast, very little N NO ments were seen in all three cycles across varying environmental conditions. Thus, it appears that the applied DISCUSSION N behaved quite differently between the treatments durFertilizer N management practices on residential landing the first year of this study. Atmospheric N loss was scapes are important with respect to maintaining both not measured, so it is possible that atmospheric loss was vigorous landscape vegetation and environmental qualgreater from the turfgrass treatment, accounting for the ity. The fate of fertilizer N in a landscape system involves differences observed. However, it seems more likely plant uptake, soil storage, atmospheric loss (denitrificathat the differences were in soil-thatch storage and plant tion and NH 3 volatilization), runoff, and leaching (Peuptake because management practices were used that trovic, 1990). Atmospheric loss, surface runoff and deep have been shown to minimize gaseous loss, such as irripercolation losses of applied N means a loss to the gation following fertilizer application and a 40% slow release fertilizer source (Bowman et al., 1987; Kelling growing vegetation, an economic loss to the homeowner, and Peterson, 1975; Petrovic, 1990) . Turfgrasses respond fore, we rejected the hypothesis that there would be no difference in N pollution between the two contrasting rapidly to applied N and are relatively efficient at N uptake (Cixar et al., 1985; Star and DeRoo, 1981) . We speclandscape types. In summary, the data indicated that adverse environmental impacts associated with N polluulate that the St. Augustinegrass sod system was more efficient than the mixed-species landscape at retrieving tion are minimal from properly established St. Augustinegrass landscapes. In addition, while alternative landapplied N during the study period, due in part to the complete vegetative cover of the grass and dense rapid adscapes may currently offer other environmental benefits such as wildlife habitat, further research on plant selecventitious rooting into the substrate. The mixed-species plant materials were well rooted at planting, but the dention and fertilizer management practices for the landscape at a lawn scale are needed to minimize their envisity of the plantings was less than the turfgrass as the ornamental landscape was designed for growth with time.
ronmental impact via N leaching during establishing conditions. Finally, continued monitoring of both landIn addition to reduced vegetation density, the results reflected a longer establishing period required by scapes through time is needed and will provide valuable data regarding N runoff and leaching from well-estabthe mixed-species landscape. degree on the turfgrass, again suggesting differences Downs, and R. Hallet. 1995. Forest biogeochemistry and primary in vegetative uptake or soil storage (Fig. 3) . Still vigor. Another possibility would be to consider organic Street. 1993 . The effects of establishment methods and fertilization soil amendments that release N much slower than the practices on nitrate leaching from turfgrass. J. Environ. Qual. 22: fertilizer blend used in this study. [119] [120] [121] [122] [123] [124] [125] . Gross, C.M., J.S. Angle, and M.S. Welterlen. 1990. Nutrient and sedi- In this study, we tested the hypothesis that fertilizer N ment losses from turfgrass. J. runoff and leaching would be statistically equal between Hipp, B., S. Alexander, and T. Knowles. 1993 . Use of resource efficient the two newly established contrasting landscape types. leaching, despite relatively high fertilizer N requirements. Kelling, K.A., and A.E. Peterson. 1975 . Urban lawn infiltration rates In contrast, significantly greater N losses in the percolate and fertilizer runoff losses under simulated rainfall. Soil. Sci. Soc.
were observed from the alternative mixed-species landAm. Proc. 39:348-352. Miltner, E.D., B.E. Branham, E.A. Paul, and P.E. Rieke. 1996. Leachscape during first-year establishing conditions. There-
